The rotational spectrum of 2,6-lutidine, (CH 3 ) 2 C 5 H 3 N, has been recorded between 6 and 26.5 GHz using pulsed molecular beam microwave Fourier transform spectroscopy. The rotational constants are A = 3509.7139(84) MHz, B = 1906.8639(101) MHz, and C = 1254.6215(14) MHz, the barrier to internal rotation of the two methyl groups is V 3 = 1.1752 kJ/mol, their moments of inertia were found to be I x = 3.0808(9) uÄ 2 . The nitrogen nuclear quadrupole constants are y_ aa = + 1.600(5) MHz, x bb = -4.572(3) MHz and x cc = +2.972(5) MHz.
Introduction
2,6-Lutidine (LUT), (CH 3 ) 2 C 5 H 3 N ( Fig. 1) , is a molecule with two methyl tops and a relative low barrier to internal rotation. The rotorsional levels can be classified under the invariance group C 3v ® C 3v . Its microwave spectrum has been studied for the first time by Caminati and Di Bernardo [1] . They intended to determine the F 3 barrier to internal rotation from the inertial defect of the AjA x torsional sublevels. Erroneously they assigned the measured EE state rotational transitions as A t A x state lines. Consequently the rotational constants and the resulting F 3 barrier were not correct. We were able to measure the , A X E, EA X , and the EE state components of several rotational transitions. So we could determine F 3 from the inertial defect of the rotational spectrum in the AiAi state and from the A t A t -A^, A^^EAi, and AjA^EE splittings. Finally we calculated the nitrogen quadrupole coupling constants from the hyperfine structure of the rotational lines.
Experimental Details
The spectra were recorded using a molecular beam microwave Fourier transform (MB-MWFT) spectrometer. The vacuum chamber is realized as a stainless steel cylinder with a diameter of 400 mm and a length of 600 mm. The structural parameters are calculated with Gaussian-90 with the basis set 6-311G**.
0932-0784 / 93 / 1093-1000 $ 01.30/0. -Please order a reprint rather than making your own copy. val of 40 ns and 20 ns corresponding to a spectral resolution element of 3 and 6 kHz. The general set up of the spectrometer followed [2] .
We used an automatic scan mode in the frequency range of 23.7 to 23.9 GHz and 26.1 to 26.5 GHz. In these regions we expected to find the J K = 9 19 -8 08 ; 9 09 -8 18 and 10 110 -9 09 ; 10 olo -9 19 b-type-transition The measured transitions are given in the Tables 1,  2 , and 3. The frequencies are given as the mean values of the Doppler doublets.
Theory and Analysis
The rotational spectrum of LUT was analysed using a semi rigid rotor model including centrifugal distortion and internal rotation of two methyl groups. Three degrees of freedom arise from the overall and two from the internal rotation. The frame and the two methyl tops were assumed to be quasi rigid but centrifugally distorted. The internal rotation theory of two top molecules was given for the time by Swalen and Costain [3] . The general internal rotation theory was reviewed by Lin and Swalen [4] and by Dreizler [5] .
The Hamiltonian for molecules with C 2v symmetry and a xz-plane of symmetry containing the internal rotor axes may be written as with /'-representation, x = b, y = c and z = a, which is used in Figure 1 .
P g = components of total angular momentum operator, g = x,y,z Qg = FQg, g = X,Z,
Pi = total angular momentum of the methyl top i about its symmetry axis, i = l, 2; I g = moments of inertia of the molecule with frozen internal rotation, g = x, y, z; I a = moment of inertia of the methyl top; X g = direction cosine between g-and internal rotator axis; di = internal rotation angle, i= 1, 2; F 3 = potential barrier.
Terms in p,p 2 have been neglect. The interaction terms V x 2 , V{ 2 , and V 6 cannot be determined from the torsional ground state alone. Therefore they were set to zero.
The Hamiltonian (1) is invariant under the group CJ V ® C 3v [6, 7] , The rotational lines split into quartets labelled by the symmetry species AjA^ A iE, EA l5 and EE.
Due to 14 N quadrupole coupling each component of the torsional multiplet shows a small additional splitting. We could determine the hyperfine free lines using the method given in [8] . The hyperfine free AjAj-A^, AiAj-EA^ and A^^EE splittings are given in Table 3 . A low F 3 barrier can be determined from the inertial defect of the A^ spectrum alone [1] . Next we describe the method for a two top molecule with a planar x, z-frame and the internal rotation axes in the plane, that is X y = 0. We neglect the centrifugal distortion. Using perturbation theory an effective rotational Hamiltonian may be derived from (1) In (9) modified rotational constants B g may be introduced. To this order of perturbation the spectrum should be that of a quasi-rigid asymmetric top. In the appendix it is shown, that the inertial defect A for vanishing barrier 5 = 0 is:
In Fig. 3 the inertial defect derived from the B g constants of (10) is drawn as a function of the reduced barrier s. The effective inertial defect is -4.41 uÄ 2 , which is about 2 uÄ 2 smaller (absolute value) than those given in Table V in [11] . Using the A^ rotational constants (see below) of Table 4 a value of s = 7.6 can be determined.
For the analysis of internal rotation splittings the principal axis method (PAM) was used as outlined by Meyer and Dreizler [12] . The program TTWF2 [13] diagonalizes a sufficient part of the rotation internalrotation Hamiltonian matrix. 259.32 Table 5 . Rotational, centrifugal distortion constants (Watson's A-reduction [23] ), potential barrier, angle between x-and z-axis and internal rotation axis (a x , a z ) of 2,6-lutidine from MW-spectrum and from ab initio calculation with Gaussian-90 using the basis set 6-311G**. From the splittings (Table 3) we calculated not only the reduced barrier s but also I a and the angles (oc x , a z ) between the internal rotation axis and the x-and zaxis (Table 5) .
The potential barrier obtained from the AjAj-EE, AiAj-AjE, and A^-EAi splittings is 1.1752 kJ/mol (280.88 cal/mol), the calculated value from the inertial defect is 1.085 kJ/mol (259.32 cal/mol).
Ab initio Calculation
The rotational constants were calculated with the Gaussian 90 program [14] . The basis set 6-311G** [15] was used for structure optimizations. The calculated rotational constants are approx. 0.5 (C-constant) to 2.0 percent (A-constant) too large. The calculated angle between the internal rotations axis and the principal inertia axis deviates about 2 percent from the measured one (Table 5) .
The barrier hight to internal rotation was calculated by a method similar to that given by Alijibury [16] .
The torsional potential function for molecules with two methyl groups is 
For the ab initio calculation we considered all terms including the F 6 , F 12 , and F/ 2 . The torsional angle cc l referring to one methyl group of LUT was described by the dihedral angle of the plane H3C7C1 and C7C1N. HI (and H7) is the inplane hydrogen atom of the equilibrium structure with <x 1 = a 2 = 0°. First, this structure was optimized employing the 6-311G** basis set. Then we calculated with this structure for different values of the torsion angles oc, and a 2 the energy increment (5£(a l5 a 2 ) = E(oc" a 2 ) -£(0°, 0°). The F 3 , V 6 , V 12 , and F/ 2 potential barrier coefficient were fitted to the energy increment function ÖE. The experimental and calculated potential terms are listed in Table 5 .
Quadrupole Coupling
Prior to the internal rotation analysis, the 14 N quadrupole coupling, rotational constants, and centrifugal distortion from the AiA x species lines were evaluated. Here first order perturbation theory according to [17] was sufficient. The program HFS written by Gripp was used [18] . The results are given in Table 4 . This analysis provided also the hyperfine free center frequencies v 0 of the hyperfine multiplets. fully obtained from the inertial defect especially in the case of small potential barriers. We could determine the nitrogen quadrupole coupling tensor from the A x A t species components using a quasi-rigid model and also from all other species using an internal rotational model. The value for the quadrupole coupling constants resulting from both methods are equal.
Appendix
Nuclear hyperfine structure of the A, A,, A, E, EA,, and EE-species were analysed using first order perturbation theory.
^^
Because of the C 2v symmetry of LUT the off-diagonal elements of the nitrogen quadrupole coupling tensor % vanish. The splitting of the hyperfine structure depends on the torsional sublevel as obvious from Figure 2 . In contrast to the analysis of the A : A X spectrum we analysed only the hyperfine splitting. We calculated the <P ga ) with the Hellmann-Feynman theorem [19] and the Hamiltonian (1).
were B g are the rotational constants and AB g /B g is 10" 3 . The result is given in Table 6 . So we analysed the quadrupole coupling and the internal rotation consecutively. The quadrupole coupling constants are similar, but not equal to those of pyridine.
Conclusion
We measured and assigned the rotational spectrum of LUT in its vibrational and torsional ground state. From the inertial defect of the A^-lines and from the splittings between the A^-EAj, A^-AjE, and AjAj-EE components of a rotational transition we were able to determine the potential barrier V 3 . We have shown that the potential barrier can be success- The inertial defect for a semi-rigid molecule with a planar frame and two (or one) tops vanishes in good approximation for the zero barrier limit. Other vibrational effects are neglected by the semi-rigid model.
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